Lofkvist and Sjoquist (22) determined that the active component of Jensen's antigen A of Staphylococcus aureus (17) , known to form a precipitin line with normal human sera in the agar diffusion test, was a protein. They purified it (23) and found the precipitinogen to be specifically associated with their fraction A-1 of S. aureus. Grov, Myklestad, and Oeding (13) likewise ascertained the protein nature of the precipitinogen, a species-specific antigen of S. aureus (28) , which they suggested be called protein A, a designation adopted by Lofkvist (21) for the fraction A-1 as well. In this paper, too, "protein A" will be used to designate the precipitinogen.
According to Oeding, Grov, and Myklestad (29) , the protein A prepared in their laboratory (13) contained, besides the precipitinogen, a substance sensitizing tanned sheep erythrocytes, each being independent of the other with respect to its activity; however, the precipitinogen had not been obtained free from the erythrocytesensitizing antigen. Lofkvist (21) recognized the duality of action of the purified fraction A-1 (protein A) on the basis of the finding that, after a single adsorption of fraction A-1 on tanned erythrocytes, the supernatant fluid could no longer sensitize additional tanned red cells for the passive hemagglutination test, although it still formed a precipitin line with normal human serum in the agar diffusion test. (Henceforth, passive hemagglutination test and agar diffusion test will be referred to as PHT and ADT, respectively.)
In the present study, as in previous investigations (21, 29) , the protein A used was able to sensitize tanned but not normal sheep erythrocytes. Initially, however, when tanned sheep erythrocytes were sensitized with the protein A by Boyden's technique (2) for the PHT with normal rabbit serum as stabilizer, it was observed that the cells tended to agglutinate nonspecifically. However, by pretreating the red cells with pyruvic aldehyde according to the method of Ling (18) , this difficulty was overcome; upon subsequent tanning and sensitization of the cells with protein A, their settling pattern with normal rabbit serum as diluent was clear-cut. Subsequently, it was found that Lofkvist's (21) procedure of using fresh tanned cells, i.e., erythrocytes not previously treated with pyruvic aldehyde (the only type of cells used in his study), with 0.2% gelatin as stabilizer, was also satisfactory. (Fresh tanned erythrocytes and alde-hyde-tanned erythrocytes will henceforth be referred to as FTE and ATE, respectively.)
It was determined that the precipitinogen became adsorbed to ATE because in the course of successive exposure of a protein A solution to such cells the supernatant liquid lost the ability to react with sera in the ADT and eventually became incapable of sensitizing additional cells for the PHT The protein A was prepared and purified essentially according to the procedure of L6fkvist and Sjoquist (23) with some modifications. As reported by these authors, four peaks were observed in the initial fractionation of our material on Sephadex, equilibrated with 0.1 M ammonium acetate buffer, pH 4.5; most of the antigen was localized in the first peak, and some was present also in the second and third peaks. However, only the material from the first peak was used for further purification, and, instead of being subjected to Pevikon block electrophoresis (as carried out by Lofkvist and Sjoquist), the antigen was rechromatographed on Sephadex as above, at which time a single peak formed at a position corresponding to the first peak in the initial elution pattern. (The recovery of protein A was almost quantitative and resulted in a 1.5-fold purification.) Finally, this material was lyophilized (300 mg), dissolved in 3 ml of 0.02 M phosphate buffer, pH 7.2, and chromatographed on a DEAE cellulose column, equilibrated with the same buffer. The protein was eluted stepwise with 0.02, 0.05, 0.1, and 0.2 M phosphate buffer, pH 7.2, and 0.5 M phosphate buffer, pH 6.8. The elution pattern ( Fig.  1) showed five peaks. Peak 1 (0.02 M phosphate buffer) had most of the protein A activity; some was eluted at peaks 2 and 3 and none in the last two peaks. The recovery of protein A from the column was over 90%. The material from the first peak only was used for serological work in this study.
Analytical methods. Protein was determined by the Folin reaction (24) , and the optical density was measured in a Hitachi Perkin-Elmer spectrophotometer. The eluates were also tested by precipitation in agar gel with rabbit immune serum. The initial dilution of the sera to be tested was 1:10, from which further twofold dilutions were prepared in a total volume of 0.5 ml (1:200 NRS was used to dilute the sera for the test with sensitized ATE and 0.2% gelatin for the test with sensitized FTE). To each tube was added 0.05 ml of the 2.5%c? suspension of sensitized cells; the tubes were shaken and kept at room temperature. The reading was made after about 2 hr on an obliquely placed mirror in a viewing box. The pattern of hemagglutination was recorded according to the method of Butler (3), a +2 reaction being taken as the end point. Serum controls (0.5 ml of 1:10 dilution of serum plus 0.05 ml of unsensitized tanned cells) and an antigen control (0. Merthiolate as preservative was poured onto microscope slides (7.6 X 2.6 cm), which were then kept in a humid chamber at room temperature. After the gel had hardened, circular wells 3 mm in diameter were cut (the distance between the edges of the central well and the peripheral wells was 5 mm). Unless otherwise indicated, the concentration of protein A used in the tests was 0.5 mg/ml.
RESULTS
Reaction ofnormal human sera, ofnormal rabbit sera, and of immune rabbit sera with protein A in the PHT and in the ADT. Similar to the observations of others (17, 22, 29) , normal human sera were found to react with protein A in the form of a single line in the ADT. In addition, such sera also yielded positive results in the PHT, their titers ranging up to 1: 81,920. On the other hand, as reported by others (4, 20) , individual sera from rabbits, including those used for immunization, were completely negative to protein A in the ADT. The same was true with respect to the PHT. Immunization with strain Cowan I of S. aureus, however, resulted in antibody production, so that the titers of rabbit antisera ranged up to 1:40,960 in the PHT. In the ADT, the rabbit immune sera showed ordinarily a single line and two closely situated bands when tested with dilute protein A. That protein A formed a single line with normal human serum and a double line with Cowan I rabbit antiserum has previously been reported (13, 23) .
Effect of repeated exposure of a protein A solution to ATE. Protein A (5 ml) containing a total of 0.5 mg of the antigen was mixed with 1 ml of packed ATE; the mixture was incubated at 37 C for 30 min and then centrifuged. Subsequently, the supernatant fluid was treated in the same manner with the same volume of new ATE, and this procedure was continued in successive adsorptions. In the course of the adsorptions, the supernatant samples were tested in the ADT, and the different batches of sensitized cells (adjusted to 2.5%) were used in the PHT.
A consistent titer was observed between the normal human serum and rabbit immune serum and each of the first eight batches of sensitized cells; there was a slight decrease in titer when the sera were tested with the cells from the ninth adsorption, and no reaction resulted with the cells from the tenth adsorption. As far as the ADT was concerned, the supematant liquids formed a line with the sera up to the sixth adsorption. (In the control, aldehyde-treated untanned cells were used, and no appreciable change in the activity of the protein A was noted.) These results were reproducible.
Effect of repeated exposure of a protein A solution to FTE. While this work was in progress, Lofkvist (21) reported results of treating FTE with fraction A-1 (protein A), which led him to conclude that the latter, similar to the findings of Oeding et al. (29) , contained two antigens, one sensitizing tanned erythrocytes and another acting as a precipitinogen. Subsequently, an adsorption experiment was carried out with FTE in our laboratory, in which the same proportion of protein A to erythrocytes was used, and the same procedure was employed as in the adsorption with the ATE. (The hemagglutinin titers of the rabbit immune serum and the normal human serum with sensitized FTE were comparable to those observed with sensitized ATE.) After the fourth adsorption on FTE, the concentration of protein A in the supernatant fluid was no longer sufficient for optimal sensitization of erythrocytes, and complete lack of sensitization of the cells for the PHT was observed with the supernatant liquid from the sixth adsorption. On the other hand, the supernatant samples continued to react in the ADT test with rabbit immune serum and normal human serum, although in the form of somewhat thinner precipitin lines, up to the ninth adsorption. But treating untanned cells in the same manner with protein A 15 times did not affect the reactivity of the supernatant fluid. Thus, while the ability of the supernatant samples to adequately sensitize tanned erythrocytes for the PHT was lost much sooner in the course of adsorption on FTE than with the ATE, a larger number of adsorptions on FTE were needed to eliminate a visible reaction in the ADT. Absorption of rabbit immune serum and of normal human serum with live cultures ofS. aureus. Rabbit immune serum and normal human serum were absorbed with strain Cowan I of S. aureus. Portions (2 ml) of a 1:10 dilution of the sera in saline were mixed with centrifuged washed bacteria from 10-mi amounts of a 24-hr Trypticase Soy Broth culture. The tubes containing the mixtures were mechanically gently rotated overnight at 4 C; whereupon they were centrifuged, and the supernatant liquids were tested. In each case, the absorbed serum was completely negative in the PHT, as well as in the ADT. The control sera treated in the same manner, without the addition of bacteria, retained their original activity in the two serological tests. Thus, the finding that intact staphylococci removed antibodies to protein A is in agreement with the observation of others (21, 37) that protein A is associated with the cell wall of S. aureus.
Absorption of rabbit immune serum and of normal human serum with protein A directly. Rabbit immune serum and normal human serum were mixed with protein A (0.4 mg of protein A per ml of serum); the mixtures were incubated in a water bath at 37 C for 2 hr, and they were then placed in the refrigerator overnight. A precipitate formed which was removed by centrifugation. Each of the supernatant samples was negative in the PHT and in the ADT, whereas the controls, treated the same way without the addition of protein A, retained their serological activity.
Absorption of rabbit immune serum and of normal human serum with protein A-sensitized ATE. The sera were mixed with sensitized cells (0.4 ml of packed sensitized cells per ml of serum); the mixtures were incubated in a water bath at 37 C for 30 min and were centrifuged. Subsequently, the supernatant samples were treated in the same manner with the same volumes of new sensitized cells, and this procedure was continued in successive absorptions. After eight absorptions, the rabbit immune serum was negative in the ADT, but it still retained its original hemagglutinin titer. After five additional absorptions, the serum lost its hemagglutinin activity as well, so that it was negative in a 1 :10 dilution. (Control serum samples treated in the same manner with unsensitized ATE did not show an appreciable change in the serological reactions.) The larger number of absorptions required to eliminate the hemagglutinin titer, as compared with that needed to result in a negative precipitin test, may be attributed to the greater sensitivity of the PHT in the detection of antibodies (1) .
In the case of the human serum, 13 absorptions were likewise required to eliminate its hemagglutinin activity to protein A. However, in contrast to the findings with the rabbit antiserum, even at this point the human serum still yielded a precipitin line with protein A (Fig. 3) , although the line formed by the absorbed serum was less pronounced than that of the original serum.
The antibodies to protein A in the rabbit immune serum were the result of known immunization with S. aureus. Therefore, the fact that the human serum with the same initial hemagglutinin titer as the rabbit antiserum required the same number of absorptions to become negative in the PHT would indicate an antibody nature of the hemagglutination reaction in the case of the human serum as well. On the other hand, the persistence of a precipitin line between protein A and the human serum, after its hemagglutinin activity was exhausted, would imply that such antibodies did not take part in the remaining precipitin reaction, especially since a much lower concentration of antibody can be detected by the highly sensitive PHT purposes, the IgG was concentrated to yield a hemagglutinin titer of 1:20,480, and the same procedure was followed in the absorption experiment as with the normal human serum. Fourteen absorptions eliminated the activity of the IgG in the PHT. However, a precipitin line with sera formed in the ADT even after 20 absorptions (Fig. 4) .
Reaction ofhuman myeloma IgG with protein A.
Forsgren and Sjoquist (11) found that a majority of human myeloma IgG preparations precipitated protein A in the ADT. Since myeloma IgG is considered deficient in antibody activity (15) , it appeared of interest to test IgG from myeloma serum possessing a high precipitin titer to protein A, for its reactivity with protein A in the PHT.
Of five sera from patients with multiple myeloma, three reacted with protein A in the ADT. One of these, in a 1% globulin concentration (the original globulin concentration of this serum was reported to be 4.82%), could be diluted 1:160 and still react with protein A in the ADT, whereas its hemagglutinin titer was only 1:640. The myeloma IgG (1%) prepared from this serum retained the original precipitin activity, whereas the hemagglutinin titer was reduced to the insignificant level of 1: 80, which might have been caused by slight contamination with normal y-globulin. These data indicated that, although protein A could precipitate myeloma IgG, antibody activity was required for a reaction in the PHT.
Serological activity ofsera from different species with protein A. When sera from six species of domestic animals (cattle, horses, hogs, sheep, goats, dogs), as well as human sera, were examined, it was found that all human, dog, and hog sera reacted with protein A in the PHT (Fig. 5) . However, there was a marked difference between the titers of the human sera, on one hand, and those of the sera of the two animal species, on the other. Namely, the highest hemagglutinin levels of the human sera, whose titers ranged from 1:1,280 to 1:81,920, corresponded to the lowest titers of the animal sera, the vast majority of which had much higher titers than the human sera. Of the two animal species, the hog sera appeared to show, in general, the higher hemagglutinin activity. In the ADT, too, protein A produced a precipitin line with all human, dog, and hog sera, the animal sera forming a line of identity with the human sera. The sera of the other four species of animals (Table 1) were either negative in a 1:10 dilution or they had only low hemagglutinin titers to protein A. They were also negative in the ADT. The bovine sera included in Table 1 were obtained from beef cattle in the abattoir. Subsequently, when sera from milch cows were tested, hemagglutinin titers ranging up to 1:40,860 were observed, and only sera with high hemagglutinin titers showed a reaction in the ADT. It appeared from the herd records that the animals with the higher hemagglutinin titers had suffered from staphylococcal mastitis at one time or another. Transfer ofantibodies to protein A by colostrum. In the bovine species, there is no transfer of antibodies through the placenta so that the newborn calf depends entirely upon intake of colostrum for the supply of passively acquired maternal antibodies. This offered us an opportunity to study the passive transfer of antibodies to protein A from mother to offspring, as well as to determine the relationship of the antibody concentration in the colostrum to the serum antibody titer of the calf after nursing. Blood samples and colostrum samples were obtained from cows at parturition; subsequently, blood samples were also collected periodically from the calves beginning with the neonatal animals before they had ingested colostrum. None of the calves studied possessed any hemagglutinins to protein A at birth. Very soon after intake of colostrum, however, antibodies appeared in their sera, which reached their maximal concentration within 24 to 48 hr. Then there was a gradual decline to a very low or negative level in about two months. This is in accordance with the findings of Roberts et al. (32) with respect to transfer of globulin to the calf by way of colostrum. Table 2 presents the results of tests in the PHT and in the ADT on sera from eight cows at parturition, on their first milking colostrum, and on the sera of their calves at 2 days of age. The antibody concentration in the colostrum was, in general, related to the serum titer of the corresponding cow, whereas the serum antibody levels of the calves depended upon the antibody content of the ingested colostrum. One cow whose serum was negative in the hemagglutination test and another one whose serum titer was very low showed corresponding reactions in their colostrum, and their calves lacked antibodies in their sera after intake of colostrum. Five of the cow sera, three colostrum samples, and one calf serum, all of which had considerable hemagglutinin titers, also reacted in the ADT, forming a line of identity with normal human serum. Upon decrease in the hemagglutinin titer, the calf serum became negative in the ADT. (29) with that of Lofkvist and Sjoquist (23) , Grov (12) stated that, although the two have the same serological properties, they differ greatly with respect to their sedimentation constants (in the former S20,, = 1.26, and in the latter S20,w = 2.6). The protein A used in this study was prepared according to the procedure of Lofkvist and Sjoquist (23) with some modifications. The final product had a somewhat lower sedimentation constant (S20,W = 2.24) than fraction A-1 of Lofkvist and Sjoquist (23) .
The data obtained with the protein A indicated that the antigen taking part in the ADT became attached to the tannic acid-treated erythrocytes and sensitized them for the PHT PHT. In the course of absorption of rabbit immune serum with sensitized ATE, it was observed that the serum lost its reactivity in the ADT sooner than in the PHT, which is in accordance with the fact that more antibody is needed for positive results in the former rather than in the latter serological reaction. A similar number of absorptions with the sensitized cells were found necessary to exhaust the hemagglutinin reaction from normal human serum or from IgG prepared from pooled normal human serum (with the same initial hemagglutinin titers as the rabbit immune serum). Since the antibodies in the rabbit antiserum were the result of known antigenic stimulation, the analogous results observed with the human test materials would indicate antibody nature of the reaction between these and protein A in the PHT. In contrast to the findings with the specific rabbit immune serum, the normal human serum and normal human IgG continued to react with protein A in the ADT, even after they had become negative in the much more sensitive PHT. Such nonspecific aggregation of normal human y-globulin has been previously reported (11) . It may be, therefore, that the precipitin lines observed in the present study between the unabsorbed normal human serum or normal human IgG and protein A resulted from both antibody and nonantibody interaction with the antigen; after absorption with the sensitized erythrocytes until the serum or the IgG were negative in the PHT, only the nonspecific aggregation in the ADT remained. Further evidence that antibody was essential for a reaction with protein A in the PHT, whereas precipitation could apparently take place without mediation of such antibodies, was the observation that human myeloma serum or myeloma IgG, practically devoid of reactivity with protein A-sensitized erythrocytes in the PHT, formed a marked precipitate with protein A in the ADT. Aggregation of myeloma globulin by protein A has also been previously reported (11) .
The serological activity of the precipitinogen of protein A has, in the past, been studied by means of the ADT only. Sensitization of tanned cells with this antigen made it possible to determine antibodies to precipitinogen by the highly sensitive and apparently specific PHT. All human sera tested showed hemagglutinin titers, as did all dog and hog sera examined. However, the concentration of antibodies in the animal sera was markedly higher. The comparatively small number of sera from horses, sheep, and goats tested were either negative in the PHT or else showed low hemagglutinin titers. They were also negative in the ADT. Within the bovine species, it was observed that sera from beef cattle were either negative in the PHT or had low hemagglutinin titers. [Whatever the relationship of staphylococci in the digestive system to antibodies might be, it is of interest that a study of rumen bacteria (16) revealed over 20 species of organisms, which did not include staphylococci.] On the other hand, sera from
